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Impact of RUNX2 gene silencing on gemcitabine 
sensitivity of p53-mutated pancreatic cancer MiaPaCa-2 
spheres 
(RUNX2の発現抑制によるp53変異型膵臓癌MiaPaCa-2細
胞由来のスフェアにおけるゲムシタビン感受性の向上) 
〔目的〕 
Pancreatic cancer is the fourth leading cause of cancer-related death in Japan, and its overall 
5-year survival rate of <10%. Although the surgical resection provides the complete cure for
the patients with pancreatic cancer, over 80% of cases are judged to be inoperable at the
initial diagnosis due to the advanced disease or distant metastasis, and thus subjected to
chemotherapy and/or radiotherapy.  The DNA damaging anti-cancer drug termed gemcitabine
(GEM) is a first-line chemotherapy for the patients; however, its efficacy is extremely limited.
Drug-resistance is one of the serious  properties of advanced pancreatic cancer. It has been well-
recognized that the frequent mutation  of KRAS, p53, p14 and/or DPC4 contributes to the
development of its drug-resistance. In addition to gene mutations, pro-oncogenic RUNX2 is often
aberrantly over-expressed in advanced pancreatic cancer. Recently, it has been well-recognized that
the response toward anti-cancer drugs differs between two- and three-dimensional (2D and 3D) in
vitro cancer cell growth models. According to our recent findings, RUNX2 silencing efficiently
augmented TAp73/TAp63-dependent cell death following DNA damage in p53-mutated MiaPaCa-2
and Panc-1 cells in 2D culture system. As a next step, our hypothesis should be further
confirmed by the   experiments employing 3D sphere culture. The objective of this study is to
ask whetherRUNX2 depletion could improve gemcitabine (GEM) sensitivity of sphere derived
from p53-mutated pancreatic cancer MiaPaCa-2 cells.
〔方法並びに成績〕
1) To compare GEM sensitivity between p53-mutated pancreatic cancer MiaPaCa-2 cells and p53-
wide-type pancreatic cancer SW1990 cells under the conventional monolayer culture conditions,
cells were exposed to the increasing concentrations of GEM. Forty-eight hours after treatment,
the representative pictures were taken; cell viability was assessed by WST assay; dead cell
percentage was assessed by trypan blue assay; cell cycle distribution was assessed by FACS
assay. The results showed that p53-mutated MiaPaCa-2 cells poorly respond to GEM as
compared to p53-wide-type SW1990 cells.
2) To ask whether MiaPaCa-2 and SW1990 cells could form 3D spheres, cells were cultured in
serum-free sphere-forming medium (DMEM/F12/B27/bFGF/EGF). At the indicated time periods
after incubation, the representative pictures were taken. The results showed that MiaPaCa-2
   cells but not SW1990 cells form sphere structure in vitro. These results indicate that p53 
   status might be involved in sphere formation of pancreatic cancer cells. 
3) To examine the expression of p53 family members and their target genes products, cell lysates
and total RNA were prepared and analyzed by immunoblotting and RT-PCR. The results
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   showed that the expression level of mutant p53, TAp73 and TAp63 were elevated during the 
   sphere formation and p53 family target gene transcription was markedly reduced in MiaPaCa-2
   spheres as compared to that of the adherent MiaPaCa-2 cells. 
4) To examined the cytotoxic effect of GEM on MiaPaCa-2 spheres, MiaPaCa-2 cells were
cultured in sphere-forming medium and then exposed to the different concentrations of GEM
up to 10 µM. At the indicated time periods after treatment, cells were analyzed by trypan
blue assay. The results showed that MiaPaCa-2 spheres undergo cell death following GEM
exposure, and cell death rate is the highest (at most 20%) under 2.5 µM of GEM treatment
for 48 h. Therefore we treated spheres with 2.5 µM GEM for 48 h for further experiments.
5) To understand the molecular basis behind the poor response of MiaPaCa-2 spheres to GEM,
the expression patterns of p53 family members and their target genes were examined by
immunoblotting and RT-PCR. For p53 family members, mutant p53, TAp73 and TAp63
were up-regulated in response to GEM. E2F-1, which acts as a transcriptional activator of
TAp73, was significantly induced following GEM exposure. Meanwhile, RUNX2 remained
basically unchanged regardless of GEM. For p53 family-target genes, GEM-mediated
transcriptional activation of p21WAF1 and NOXA was observed, whereas we did not detect a
significant change in the expression levels of BAX and PUMA. Based on theses analyses, it
is likely that, despite GEM-mediated stimulation of TAp73/TAp63 expression, poor response
of MiaPaCa-2 spheres to GEM might be due to GEM-induced further accumulation of mutant
p53 and/or the constitutive expression of RUNX2.
6) To examine the possible impact of RUNX2 on GEM sensitivity of MiaPaCa-2 spheres, siRNA
-mediated depletion of RUNX2 was carried out. Twenty-four hours after siRNA transfection,
MiaPaCa-2 spheres were exposed to 2.5 µM of GEM or left untreated. Forty-eight hours after
treatment, the representative pictures were taken and spheres are collected followed by the
subsequent FACS analysis. The results showed that GEM-induced decrease in number of
spheres and disruption of their multi-cellular structures were augmented by RUNX2 depletion,
and RUNX2 depletion increases number of cells with sub-G1 DNA content of MiaPaCa-2
spheres in response to GEM as compared to non-silencing ones exposed to GEM.
7) To investigate the molecular mechanisms by which RUNX2 gene silencing could increase
GEM sensitivity of MiaPaCa-2 spheres, we have examined the expression patterns of p53
family members and their target genes in RUNX2-depleted spheres in response to GEM by
Immunoblotting and RT-PCR. The results showed that RUNX2 gene silencing had a negligible
effect on GEM-mediated induction of mutant p53, TAp73 and E2F-1. Of note, GEM-
dependent induction of TAp63 expression is further stimulated by RUNX2 knockdown. In
   Accordance with these results, Itch which acts as an E3 ubiquitin protein ligase for TAp63,  
   was down-regulated in  RUNX2-silencing spheres exposed to GEM. Among p53 family-target 
   genes that we examined, RUNX2 knockdown further stimulated GEM-induced up-regulation of 
   p21WAF1 and NOXA at mRNA level. Taken together, these results suggest that knockdown of  
   RUNX2 enhances GEM sensitivity of MiaPaCa-2 spheres through TAp63-dependent cell death 
   pathway. 
8) To address whether RUNX2 could be involved in the activation of instability control of
TAp63 in MiaPaCa-2 spheres. MiaPaCa-2 spheres were treated with DMSO or with MG-132
(10 µM). Six hours after treatment, cell lysates and total RNA were prepared and analyzed by
immunoblotting and RT-PCR by respectively. The results showed that TAp63 was increased in
response to MG-132 at protein level but not at mRNA level. Therefore, TAp63 expression in
MiaPaCa-2 spheres is regulated at least in part at protein level.
9) To further confirm whether RUNX2 could induce the degradation of TAp63 in MiaPaCa-2
spheres, MiaPaCa-2 spheres were transfected with the empty plasmid (pcDNA3) or with the
expression plasmid for RUNX2. Forty-eight hours after transfection, cell lysates and total
RNA were prepared and analyzed by immunoblotting and RT-PCR, respectively. The results
Showed that forced expression of RUNX2 reduces the amount of TAp63 in MiaPaCa-2
Spheres at protein level but not at mRNA level. Therefore, RUNX2 might promote TAp63
degradation in MiaPaCa-2 spheres.
〔総括〕 
  Our present observations strongly suggest that, similar to 2D culture, RUNX2 gene silencing increases 
  gemcitabine (GEM) sensitivity of MiaPaCa-2 spheres, and highlights the therapeutic potential of  
  RUNX2 in pancreatic cancer with p53 mutation.  
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【背景と目的】 
膵臓癌は、本邦では癌関連死の第4位であり、5年生存率も10%以下である。膵臓癌に対し
ては、早期診断による外科的切除が根治療法であるが、診断時に80%以上のケースでは進行
と遠隔転移のために手術不能であり、化学療法や放射線療法が実施される。DNA損傷をもた
らすゲムシタビン (GEM) が第1選択薬であるが、その効果は極めて限定的である。進行性の
膵臓癌は、抗癌剤抵抗性を示し、薬剤抵抗性の出現には、高頻度で生じるCDKN2/p16, KRAS,
 p53, p14, DPC4などの遺伝子変異が関わっている。これらの遺伝子変異に加え、がん原性R
UNX2遺伝子が進行性の膵癌で過剰発現している。最近、p53変異型膵臓癌由来 MiaPaCa-2細
胞で培養下にRUNX2の発現を低下させると、p53ファミリー遺伝子（TAp73/TAp63）依存的な
細胞死が増強されることが示された。また、抗癌剤の効果は、2次元 (2D)と3次元 (3D)の培
養下で異なることが知られている。これらの背景のもと、桑さんは、MiaPaCa-2細胞を用い、
生体内の癌を模倣した3D培養下でRUNX2の発現抑制がGEMに対する感受性を向上させるか
検討した。 
 
【方法と成績】 
1) p53変異型MiaPaCa-2細胞とp53野生型SW1990細胞を用いた2D培養下でのGEM感受性
の比較 
GEMを異なる濃度 (2.5-20 µM) で48時間処理し、生存細胞比率、死細胞比率、細胞周
期を調べた。その結果、MiaPaCa-2細胞はSW1990細胞に比べGEM感受性が低かった。 
 
2) MiaPaCa-2細胞とSW1990細胞の3Dスフェア形成能の比較 
細胞をスフェア形成培地（DMEM/F12/B27/bFGF/EGF）で培養した結果、MiaPaCa-2細
胞では、スフェアが形成されたが、SW1990細胞では形成されなかった。 
 
3) MiaPaCa-2細胞でのスフェア形成と遺伝子発現変化 
MiaPaCa-2細胞ではスフェア形成に伴い、p53, TAp73, TAp63のタンパク発現量が増加し
たまた、p53ファミリーの標的遺伝子群（p21WAF1, BAX, NOXA, PUMA）のmRNA
発現量は低下した。  
 
4) MiaPaCa-2細胞スフェアのGEM感受性 
MiaPaCa-2細胞スフェアは、2D培養と同様にGEM感受性が低かった。 
 
5) MiaPaCa-2細胞スフェアでのGEM感受性の低さに関わる遺伝子発現変化 
MiaPaCa-2細胞スフェアで最も GEM効果が高かった 2.5 µM, 48時間の処理を行い、遺伝
子発現変化を調べた結果、 DNA障害マーカー γHAXの上昇と Caspase-3の基質 PARP
の分解亢進が観察された。p53, TAp73, TAp63のタンパク発現量が増加した。また、 
TAp73の転写因子である E2F-1のタンパク発現量が増加した。 p53ファミリーの標的遺
伝子のうち p21WAF1, NOXAは増加したが、BAX, PUMAの遺伝子発現は変化しなかった。
RUNX2ではタンパク質量は変化しなかったが mRNA量は上昇した。 
  
6) MiaPaCa-2細胞スフェアでのGEM感受性に対するRUNX2の関与 
MiaPaCa-2細胞スフェアに RUNX2 siRNAを投与し、RUNX2発現低下の効果を検討した。
RUNX2の発現低下により、スフェア形成能が低下し細胞周期の停止が増加した。これら
の傾向は、GEM処理により増強したことから、RUNX2発現低下によりスフェアでの GEM
感受性が上昇した 。 
 
7) MiaPaCa-2細胞スフェアでの遺伝子発現に対する RUNX2の関与   
MiaPaCa-2細胞スフェアに RUNX2 siRNAを投与し GEMを処理することで、TAp63のタ
ンパク発現量が増加し、その E3ユビキチンリガーゼの Itchが低下した。 p53ファミリー
の標的遺伝子のうちp21WAF1, NOXAのmRNA発現は増加した。これらの結果から、RUNX2
の発現低下は、TAp63依存的な細胞死経路を増強したと考えられた。 
 
8) MiaPaCa-2細胞スフェアでの TAp63発現制御 
TAp63タンパクの発現量は、プロテアソーム阻害薬（MG-123）処理により上昇
し、RUNX2の過剰発現により低下した。  
 
【総括】 
 
本研究により、桑さんは、膵癌由来 p53変異型MiaPaCa-2細胞を用いて、生体内で
の癌細胞の増殖様式に近い3D培養で、GEMに対する低感受性、p53ファミリー遺伝子
群の発現上昇を見出した。さらに、RUNX2発現を、siRNAを用いて抑制することで、
スフェア形成能の低下、GEM感受性の回復、TAp63依存的な細胞死経路の増強の可能
性を見出した。本研究は、特定の細胞株を用いた解析であり、この結果が多くの膵癌
に当てはまるのか更なる検討が必要である。RUNX2の発現抑制がGEM感受性を上昇
させたことから、RUNX2の発現抑制方法の開発やRUNX2発現抑制薬を見いだすこと
が今後の膵癌治療において重要であることが示唆された。  
以上のことから、本研究で、 p53 変異型 MiaPaCa-2 細胞 3D スフェアを用いて、RUNX2 発
現抑制による GEM 感受性上昇を初めて報告した点に新規性がある。膵癌は、難治性癌であ
ることから、本研究の医学における学術的重要性は高いと考えられ、RUNX2 の発現抑制方
法の開発は、今後の臨床的発展性に繋がると期待できる。 
以上より本審査会は、本論文を博士（医学）の学位に十分値すると判断した。 
 
